engineering in the areas of food and feed safety, integrity of natural ecosystems, sustainable agriculture, and corporate consolidation of the world's food supply. 5 Unease over the ethics of genetic engineering has also contributed to some consumers' reluctance to embrace foods derived through biotechnology. 6 Given the highly specialized nature of transgenic technology and the level of disagreement over the risks and benefits of transgenic crops, it can be quite difficult for the average consumer to evaluate competing claims and arguments about these new foods.
In developed countries in recent decades, the agricultural sciences have been of interest to a rather narrow audience, including those involved directly in food production, marketing, processing, and research. When transgenic technology was introduced, channels for informing these traditional agricultural audiences already existed in the form of rural print and broadcast media, agricultural extension or outreach programs, industry education efforts, and scientific journals. However, there were no comparable channels for reaching non-agricultural audiences on these topics. Surveys and focus group discussions in the United States, Europe, and Japan have found that public understanding of food biotechnology is low. 7 This demonstrates the need for effective, balanced educational programs conducted by trusted sources. 8 In the United States, public sector researchers have contributed to the development of GE technology from its infancy, and university educators have integrated this science into academic curricula. However, public educators who understood the science often taught to a narrow academic sector of learners, and therefore, had a limited impact on public opinion and understanding of this issue. More recently, public agricultural universities have taken on larger roles in providing balanced information on the transgenic crops debate. University researchers are well suited to this task, as they combine technical knowledge of the subject matter with public credibility on this issue. 9 Among the activities undertaken by universities are presentations to community groups, hands-on workshops for teachers and other professionals, publication of concise "fact sheets" on specific aspects of the technology, and sponsoring conferences to discuss appropriate educational activities for public institutions. 10 Perhaps the most visible activity of agricultural universities in the United States and elsewhere has been the launching of web sites explaining transgenic technology, its current and future applications, risks, and concerns (Table 1) . Until recently, informational web sites on GE crops were predominantly sponsored by members of two groups: the developers of transgenic crops, mostly large multinational corporations, which emphasize the benefits of the new technology; and environmental action groups, which are quite critical of the new technology. Each side is selective in its use of information and often publicizes results out of context, resulting in a misleading portrayal of the situation and an understandably confused public.
At Colorado State University (CSU) and the University of Nebraska-Lincoln (UNL), we have addressed the challenge of transgenic crop education by forming an alliance between two complementary web sites. The sites were initiated separately, but joined forces in 2000, with funding from the Initiative for Future Agriculture and Food Systems program of the U.S. Department of Agriculture. In both states, our public education efforts have been guided by Stakeholder Advisory Committees, with members representing farmers, extension agents, high school teachers, food safety professionals, and journalists. Their perceptions and advice have been very helpful in targeting our educational materials to the intended audiences. We describe here important features of these two web sites, our experiences to date, and plans for future developments. 
Transgenic Crops: An Introduction and Resource Guide

Description
The web site that was developed at CSU and launched in May 2000 is targeted to the general public. 11 The initial idea for developing the site came from a group of Colorado high school science teachers who visited CSU in late 1999. They requested help responding to questions from their students about transgenic crops, noting the difficulty in sorting out contradictory information on this topic and presenting a balanced picture to their classes. With that audience, and the broader public, in mind, our philosophy in developing the site was to provide concise, introductory level information on transgenic crop technology and related issues, while providing references and links to other sites for more details and other interpretations. Our goal has been to provide science-based information in an even-handed manner so viewers can reach their own conclusions. However, we realize that absolute neutrality on this subject is difficult to achieve, and perhaps a reasonable description of the tone of this site is cautious optimism about the potential of transgenic crop technology.
Nine major sections of the web site present scientific information. They are accessible from a menu bar and are presented in language we expect will be understandable to persons with at least a high school biology background. Viewers can read about the history of plant breeding, the methods for making transgenic plants, the U.S. system for evaluation and regulation of such plants, the benefits that may be derived from crops now available or in development, and the risks and concerns associated with transgenic technology. A "News Updates" section reports items of interest to the general public in the developing dialog over transgenic crops. An animated sequence developed by the collaborating institution, UNL, leads viewers through the steps for producing a transgenic crop plant and provides links to their online lesson modules.
12
Several auxiliary pages support the scientific content of the Transgenic Crops site. The home page describes our purpose and announces the source of our funding, while giving credit to the various entities that have participated in developing the site. The home page also houses a search function that allows viewers to search for words page by page or over the site as a whole. In addition to helping viewers find information quickly, this search function allows us to monitor interests and to respond by improving our coverage of emerging topics. Two improved functions of the home page are (1) "Hot Topics," providing detailed information on selected topics in the news. Featured topics have included the effect of Bt corn pollen on Monarch butterfly larvae, the discovery and follow-up investigation of StarLink corn in the food supply, and labeling of GE foods. (2) Special Resources for teachers, nutritionists, journalists, and extension agents.
Recognizing the special needs of these information disseminators, we provide materials relevant to their professional activities. For example, the materials for teachers include printable articles (PDF files), slide sets, and a list of educational web sites on agricultural biotechnology. A key feature of our site is an extensive list of links that leads viewers to more detailed information or other points of view on the subject. We briefly describe each linked site so viewers have easy access to additional information about topics of interest to them. Readers are warned that certain sites are likely to contain biased information because they are maintained by advocacy groups, either pro or con, or by companies invested in transgenic technology. In keeping with our fundamental purpose of providing science-based information on transgenic crops, we maintain a page of references to the scientific literature. General textbooks are included along with citations for journal articles mentioned elsewhere on the site. A short quiz on transgenic technology, a page for contacting the site authors, and a page on the recommended computer configuration for viewing the site round out the auxiliary pages. Our plan for upgrades and additions includes a Frequently Asked Questions page and a glossary of biotechnology terms.
A major initiative currently underway is development of a Spanish version of the entire site. According to a survey conducted for the Pew Internet and American Life Project (http:// www.pewinternet.org/), 50 percent of the 22 million Hispanic adults in the United States use the Internet. Therefore, we believe we can reach an important U.S. minority group with a format friendly to Spanish-only or bilingual viewers. In addition to U.S. Spanish speakers, we expect the Spanish version will also reach a considerable audience of Latin American viewers.
Impact
More than 83,000 unique visits have been registered by Extreme Tracker software (http:// www.extreme-dm.com/tracking/?reg) since the launch of the site in May 2000. After a modest beginning, the site registered a big boost in viewership in September 2000, coinciding with the beginning of the fall school semester, the discovery of the banned StarLink protein in the U.S. food supply, two favorable reviews in widely read journals, and a recommendation by the Internet Scout Report. 13 Viewership from September 2000 to February 2002 has averaged about 4,800 unique visits per month, with slightly more visits during the academic semesters and slightly fewer visits during the summer months and the winter holiday season. A breakdown of visitors by Internet domain and by continent is shown in Table 2 .
To put our visitor data in perspective, we requested similar information from several of the web sites listed in Table 1 . Information Systems for Biotechnology received an average of 8,750 15 The AgBiosafety site averages 1,700 unique users per month. 16 Thus, usage of the Transgenic Crops site (4,800 unique visitors per month) falls in the mid-range of comparable public sector sites dealing with agricultural biotechnology.
Feedback on the Transgenic Crops web site has been mostly positive and always interesting. More than sixty viewers have contacted us via the site's e-mail box to express their thanks, to take issue with some facet of our presentation, to ask for help with their school work, or to denounce us as pawns of the biotechnology establishment. We have responded personally via e-mail to site critics wherever possible, clarifying the goals of the site or inviting correspondents accusing the site of bias to direct us to additional information we should include. We have found that in almost all cases a rapid and thoughtful personal response to criticism was both unexpected and welcomed, and led to constructive exchanges between the authors and site visitors.
About 26 percent of our e-mail is from students exploring ideas for science fair projects, seeking information for their papers or presentations, or even asking us to answer test questions. Another quarter of our e-mail is from people requesting slide sets on various aspects of transgenic technology. These have proven to be very popular, drawing requests from teachers and other science communicators around the world. About 8 percent of the e-mail involves people taking issue with genetic engineering as a whole or accusing us of bias in our presentation. About 6 percent comes from business people looking for information as part of their job. About 10 percent comes from teachers who describe how they are using or plan to use the site in their classroom. Another 10 percent are people asking for permission to use portions of the site in their own presentations, for example, reprinting it in a newsletter, showing it in a videotape, or making overheads for a classroom setting. Smaller percentages consist of people with particular food safety concerns, web site administrators wanting to link or be linked to our site, and viewers offering miscellaneous suggestions.
Just prior to the site's launch, nine high school science teachers on a tour of CSU life sciences programs were asked to evaluate the site for appearance, content, and ease of navigation. On a scale of 1 (poor) to 5 (best), the average score was 4.9 for appearance, 4.8 for content, and 4.7 for ease of navigation.
Additional feedback has come from participants in an online instruction technology symposium sponsored by the International Society for Plant Pathology (http://www.isppitsymposium.org.nz/). Our written contribution describing the web site and providing a link to it was featured for seven days. Feedback was very positive, with three of the seven people who discussed the site volunteering that they would direct their future students to it as a resource for biotechnology information.
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Library of Crop Technology
Description
Crop scientists at UNL have developed the Library of Crop Technology, an electronic database complementary to the CSU site in objectives and format. 17 The overall goal of the UNL site is to develop an online library of modules that serve as stand-alone lessons for learning important concepts in crop genetic engineering and related topics in crop genetics, weed biology, and biochemistry (Table 3 ). The lessons are based on a single topic and are developed by educators and researchers with expertise in these topics, supported by computer programmers and graphic artists. The site's lessons are not intended to comprise an entire course; rather, the individual lesson modules are designed for use by educators as they deem appropriate to support and enhance their particular curricula. Self-learners surfing the web can also use the modules for in-depth and up-to-date scientific knowledge regarding crop technology topics, including plant biotechnology. The target audience includes science teachers, extension educators, students, crop consultants, and journalists seeking detailed, organized information regarding the science underlying the advances and products of biotechnology. We consider this site to be a learning resource, as opposed to the CSU site, which we regard as an informational resource.
The online library environment is designed using software that allows contributors to build and revise lessons that form a database of materials that make up the site. The database format is key to allowing sustainability and expandability of the library. The lessons are pedagogically sound in that they are based on learning objectives, use relevant examples, and take advantage of the power of Internet delivery to give learners an interactive educational experience. To ensure learners of accurate, up-to-date information, the lesson modules are peer reviewed for content and educational impact by the American Society of Agronomy and the Journal of Natural Resources and Life Science Education.
The lessons generally contain text, visual information (embedded images with accompanying large-view close-ups, animations, video clips, or slide shows converted from presentation software formats), hyperlinked glossary definitions, hyperlinks to other web sites, and a bank of quiz questions. Most lessons have Flash animations (http://www.macromedia. com/) that may serve as visual summaries of the lesson, or show key processes that are difficult to comprehend from text and still images. Currently, the lessons deliver linear instruction, whereby students proceed through materials without deviating from the main instructional path. Many lessons are interrelated and build toward a more complete understanding of a topic. For example, a set of ten crop genetics lessons introduces learners to the basics of each step for developing a genetically engineered crop variety. The versatility of the materials offered in the Crop Technology Library and their potential for wide impact are evident from the following examples, selected to describe the ways in which the materials are being used.
Visuals for presentations.
One of the most common requests we receive is for permission to use images and animations to help educators explain genetic engineering to the general public. These requests have come from extension educators from such diverse regions as North Dakota, Pennsylvania, Washington State, Paraguay, and Australia. An upgrade to the database has been the download feature, which allows users to download the animations for free educational use. As of early 2002, 150 users had downloaded a total of more than 3,000 animation files for a range of uses, including tutorials, presentations to classes and community leaders, and industry training programs.
Integration into courses.
Teachers have incorporated the lessons into their biotechnology courses at the high school, college, and post-college levels. Teachers in Florida, Connecticut, and Pennsylvania have integrated Flash animations into lesson plans for their students. A high school teacher in Nebraska assigned selected lessons from the site, and his students accessed them via the Internet. Teachers at Virginia Polytechnic Institute & State University and the University of Free State, South Africa, have incorporated the lessons into courses in biotechnology. A plant transformation specialist at the University of Queensland, Australia, will use the lessons in his courses and has agreed to contribute lessons in his specialty. A UNL distance course on Herbicide Action in Plants uses four of the Plant Biochemistry lessons from the site.
At UNL, we have also used twenty-two lessons from the library to supplement an introductory genetics course over the past three semesters. Fifteen of the lessons have been integrated into a distance course in crop genetic engineering for three semesters. In all, over 300 students have tested the stability and features of the lessons in these courses, and evaluation of these students' experiences with the lessons is discussed below.
CD-ROM distribution. For some learners, Internet access is limited and unreliable. To circumvent that problem, we have transferred the Crop Technology lesson database (minus the quiz features) to a CD-ROM. An off-line browser will launch all the lessons from the CD-ROM. Three partnerships with educators (at the University of the Free State, South Africa; Michigan State University's African Education Project; and the African Biotechnology Stakeholders Forum) have served as an incentive to establish this capability. There is a broad interest in distributing the lessons via CD-ROM from industry and educators in the United States as well.
Impact
The Crop Technology Library uses "Webalizer" software (http://www.mrunix.net/webalizer/) to compile usage statistics on the site. Since April 2001, the site has averaged approximately thirty viewers per day, who have come from a total of sixty-seven countries ( Table 2 ). The Crop Technology Library is an open site, only recently registered with search engines. Thus the activity reported here has come via referral, initially most referrals coming from CSU's Transgenic Crops web site. Other referrals have come from journalists and educational web sites that have directed learners to the Library of Crop Technology. These include Minnesota Public Radio, North Dakota State University Cooperative Extension, The North Platte Nebraska Telegraph, and The Malaysia Star.
The site was recently evaluated by students who used online lessons from the Library as part of formal courses. Many of the students accessed the site from personal computers at home via phone modem, and they indicated that access difficulties were minor. Preliminary results of the evaluation show that students feel the main benefit of the online lessons is the convenience of accessing them at any time and from any Internet-connected computer. Many students appreciated the ability to advance through the material at their own pace, thus having the freedom to review materials multiple times without slowing an entire class. Another observation was that students used the features of the site differently. For example, one student thoroughly read the text and utilized the lesson objectives and glossary, while another relied mainly on the animations for her learning. Thus, the variety of materials integrated into the site creates a flexible learning environment, able to meet the needs of audience members with diverse learning styles.
The primary complaint from students was that the online environment lacked the immediate interaction with and feedback from the professor that is present in a live classroom. In an effort to address this issue to some extent, features have been added to the web site to increase student/teacher and student/student interaction. These include posting of Frequently Asked Questions and the ability for students to email the lesson authors directly. These lessons are meant for asynchronous learning, and the bulk of direct interaction will occur either in the live classroom or through other online course management environments.
Discussion and conclusions
The web sites described in this article serve complementary functions in educating the public on transgenic crop issues. The information on the Transgenic Crops site is broad in scope and designed to appeal to a general audience, but is necessarily limited in depth. The Library of Crop Technology, on the other hand, provides detailed information in an organized structure for those wanting a deeper understanding of specific topics. Viewers of both sites, we believe, have benefited from their interconnectivity. Both the CSU and the UNL sites have been used by the general public and by those involved with classroom education, thus demonstrating the feasibility of a dual-purpose site dealing with a scientific issue.
Because we envisioned balance and lack of bias as important characteristics of the web sites, we took several steps to ensure that the information would be as neutral as possible. First, no member of our group stands to benefit from the eventual success or failure of transgenic crops. Although we are interested and informed about the technology, our research careers are not dependent on its commercial success. Second, our group consists of people with somewhat varying views of the risks and benefits of this technology. We have no extremists, but a healthy mix of opinions, and we all review each other's contributions and suggest changes where appropriate. Third, among us we try to keep informed about what all sides are saying on the issues, from Monsanto Corp., a leading biotechnology company, to Greenpeace, an advocacy group that campaigns against GE crops. When we direct viewers to sites with an agenda, we alert them to this fact and advise them to interpret the information with caution. Finally, we try to avoid a paternalistic "trust us" approach to complex issues. We provide summary explanations of difficult topics in language aimed at a general audience, while recognizing that there is scientific uncertainty for many aspects of GE crops. The original sources of our information are always cited, so viewers can investigate in more depth for themselves.
Maintaining a balanced point of view is not only our personal preference for presenting information about GE crops, it is also a recognized strategy for effective risk communication. As pointed out by Sandman, communication that leaves out key information, does not acknowledge the public's concerns about technological risks, or does not recognize scientific uncertainty, can destroy credibility. 18 Specifically regarding GE foods, many authors (for example, Blaine and Powell and Fischoff and Fischoff) have emphasized the importance of trusted, neutral sources for effective communication on the risks and benefits of agricultural biotechnology. 19 Web sites are particularly appropriate for a subject like transgenic crops because they facilitate (1) frequent information updates in this rapidly changing field; (2) multimedia formats (photos, diagrams, video clips, and slide sets) that aid comprehension of complex or novel concepts; and (3) access to other web sites providing more detailed information or differing perspectives on the technology and its applications. On the other hand, there are down sides to this mode of communication. An obvious drawback is that web sites are of no direct value to those lacking Internet access. Moreover, graphic-intensive web sites, which seem to be in the majority, can be frustrating to use for those with slow Internet connections. Another limitation is that web sites tend to favor the "deficit model" of scientific communication with the public. 20 This model assumes that the public is deficient in scientific knowledge and that scientists are capable of filling the deficit, thus resulting in a top-down, one-way communication process. In contrast to the deficit model is the contextual approach, which argues for a "full, frank, and publicly inclusive dialog, discussion, and debate about science and its implications for individuals and society." 21 Although most web sites encourage feedback via email to the authors, the opportunities for a true dialog are limited compared to in-person events such as "consensus conferences." 22 On balance, we feel that web sites can make important contributions as part of a broader program of scientific communication with the public. Several universities, including our own, have sponsored hands-on training workshops for information disseminators (secondary school teachers, extension agents, nutrition professionals), with the expectation that these groups will transmit the information to their clients. The mass media remain the primary means by which most citizens become informed about scientific developments and creative efforts to inform print and electronic journalists (typically a difficult group to reach) are needed. 23 Assessing the impact of a web site is challenging. Although we can easily track a site's usage statistics to determine the number and origin of visitors and obtain clues about the information visitors search for, it is far more difficult to determine how well the site satisfied the viewers' information needs. For now, we must rely on comments from the Stakeholder Advisory Committees and from the self-selected group of viewers who have e-mailed us, realizing that this group may not represent all viewers' reactions. Meanwhile, we are exploring software that tracks viewers' routes through the web sites to determine which specific pages of a site were visited and in which order. Follow-up surveys will be sent to users who download animation and presentation files.
For those contemplating development of a web site as part of a public education strategy, there is a wealth of online resources for designers and authors, including CNET's Web Builder Site (http://builder.cnet.com/), Sun Microsystems Writing for the Web (http://www.sun.com/ 980713/webwriting/index.html), and Writing HTML: A Tutorial for Creating Web Pages (http://www.mcli.dist.maricopa.edu/tut/). Once a site is developed and launched, it is important to register it with major search engines, so that persons searching for a given topic are more likely to find the site.
The time required to develop and maintain a web site varies widely, depending on its content, structure, and features. The Transgenic Crops site, for example, required about four months of part-time work by an experienced programmer and a small group of scientists to grow from a concept to our initially launched version. However, maintaining and enhancing the site through frequent news updates, expansion of original content, and incorporation of new features, has required a major time investment, approximately forty hours per week of scientific and programming effort. In contrast, initial development of the more structured Crop Technology Library was a four-year project, with contributions from a much larger group of programmers and content providers. Because the lessons in the Library are based on fundamental principles rather than information from recent news stories, this site has a more permanent nature and has required less frequent maintenance than the Transgenic Crops site. For any type of web site venture, potential developers are cautioned to estimate realistically both the start-up costs and maintenance costs required to create an appealing, functional, and current information resource.
In conclusion, we have found our two web sites to be effective in achieving our goals of providing the public with information and learning opportunities on transgenic crops and allied topics. The web format has allowed us to reach a larger and more geographically dispersed audience and to keep our content more current than would be possible with other media. We believe our university affiliations have helped gain credibility for the sites as more balanced sources of information, compared with web sites on GE crops maintained by special interest groups. Despite the usefulness of web sites as a mechanism for providing information, we feel that a comprehensive public education effort also benefits from face-to-face discussions with members of the public to allow a two-way information exchange.
